This paper aims to contribute to the prevention of natural disasters and generate a complement to other similar studies. The Popocatépetl volcano has showed significant and constant activity since 1994. The Colorada and Quimichule canyons are located within its geologic structure; due to their topographic features, ejected volcanic material and torrential rains in the past recent years, they put nearby communities at risk. This work presents a geostatistical analysis to obtain the gravity acceleration, slope by the distance-elevation relation, height-gravity and the fluid force on the canyons. The conversion of UTM to geographical coordinates was made with the use of the program Traninv applying the ITRF2008 epoch 2010.0 Datum and the 14 Zone; the local gravity was calculated with the use of International Organization of Legal Metrology (OIML) and the statistical analysis was obtained with the use of the Geostatistical Environmental Assessment. The structural modeling was performed using Surfer, and the spending and force were calculated using hydrological models. The correlation analysis concluded that Quimichule has the greatest gravity and that it would transport lahars faster. Mapping, geomorphological and statistical techniques and models were applied in accordance with the study to obtain the results presented here.
Introduction
The Popocatépetl volcano is located at 19˚17'N latitude -98˚38'W longitude from the Greenwich Meridian. Its height is 5520 meters above sea level and it borders with the states of Puebla, Morelos and Mexico. In 1994, the Popocatépetl volcano began an important stage of activity presenting in 1994, an important stage of steam, ash and incandescent rock ejection, as well as seismic events. It has remained active presenting both high and low intensity periods ever since. Its constant activity, atypical torrential rains caused by climate change, existing melting glaciers and topography, favor landslides of mudflows of volcanic ash in the canyons such as Colorada and Quimichule. These are directly related to the gravity, slope, height and expense, which might put the surrounding communities at risk. Furthermore, the pressure changes generated by the activity within the magma chamber cause gravity deformations and variations on the surface of the volcano-which must be quantified periodically. A study named "Possible Mudflow in the possible mudflow on the east side of the Popocatépetl volcano" [1] was carried out after the eruption in 1994. This study built a profile of the El Aguardientero canyon; its slopes were calculated every 100 m of elevation, using topographic maps of the National Institute of Statistics and Geography (INEGI) at a 1:50.000 scale, determining that one of the areas with the highest accumulation of ash is San Pedro Benito Juárez.
This paper aims to contribute to the prevention of natural disasters caused by volcanoes, specifically through the development of geostatistical methodologies. This information will be useful to determine which prevention actions to take in the event of volcanic activity created by thaw when a major volcanic activity exists. Currently, studies continue to be conducted in order to calculate other geomorphologic variables.
Studies on canyon stability have been carried out applying geotechnical methods and finite elements to determine tensions, deformations and shear strength [2] . These methods are based on mathematical models that provide an approach to the solution of the problem; however, they do not take into account geodetic methods to determine the slope and gravity. Geodetic approximate methods provide more realistic results, as the data introduced to the computer programs are obtained from readings on topographic maps with a good approach.
The location of this volcano and its activity in recent years represent a risk structure to the nearby communities (Figure 1) .
Regarding the work in this paper, there is no information on similar studies or research in the area of Popocatépetl. Still, it is important to know the possible scenarios that would arise in the case of a major eruption.
Materials and Methods
The UTM coordinates of the canyons' profile were obtained through digital topographic maps of the volcano readings and are available to users on the website of the NATIONAL INSTITUTE OF STATISTICS AND GEOGRAPHY. Using these maps, we defined the points where the acceleration of gravity, distance-lift slope and gravity-height would be calculated. The UTM coordinates were converted to geographic coordinates using the Traninv program applying the ITRF2008 Datum and Zone 14. Currently, all the mapping and digital products produced by INEGI, subsequent to the date of December 2010 is based on the new Datum ITRF2008, also 
Colorada Canyon
QuimichuleCanyon releasing at the same time a software (Traninv) based on the mathematical algorithm for the transformation or conversion of coordinate ITRF92 to ITRF2008, which seeks a smooth transition to a new reference system. The acceleration of local gravity was calculated using the program on the National Metrology Center (Mexico) website, based on the OIML-N. 127 of 1992 newsletter.
The statistical analysis was carried out using the Geostatistical Environmental Assessment, and the structural modeling using the Surfer program. In addition, hydrological models were used to calculate the expense and force of a liquid.
Later, relations between gravity-height and gravity-slope were obtained, as well as their corresponding correlation coefficients. The correlation between the three studied variables is important because it defines the behavior of flows over the canyons, giving an idea location of the area of greatest risk in those geological structures.
Converting the Coordinates of Recorded Data
For each canyon data, the data was obtained from the E14B42 topographic map, getting the UTM coordinates and then transforming them to geographical coordinates using the Traninv program where X = W and Y = N (Figure 2) .
The data used for the processing each 500 m in length for both canyons is shown on Table 1 and Table 2 .
Development for the Calculating of the Acceleration of Local Gravity
The acceleration of gravity is the act of universal attraction that propels bodies to the center of the Earth; it is a force that determines the weight of bodies [2] . The acceleration of gravity is by the letter g and it is defined as the constant increase of velocity by time unit on a body in free fall, it is inversely proportional to the body massin kilograms (kg) g= F/m. In order to calculate the local gravity of each canyon, the program recommended by the International Committee of Legal Metrology (OIML) was applied (Figure 3 ). The Equation (1) was used to confirm the results of gravity in different points of the canyon every 500 meters of distance, which can be calculated accurately in the 0.001% = 100 ppm order. Introduced data includes: altitude (m) and North latitude (˚). This program calculates the acceleration of local gravity by applying the Equation (1) ( 
where: gl = acceleration of local gravity (m/s 2 ). ge = 9.7803185 m/s 2 , acceleration of gravity in the Equator (φ = 0). Table 4 . Quimichule canyon. Gravity was calculated every 500 meters resulting an average of 9.776018 m/s 2 .
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Calculating the Slope
The slope is the existing relation between the elevation and horizontal distance on a plane, which is equal to the tangent of the angle that forms the line to measure with the X axis. See Equation (2) 2 1
Using the contour lines on the topographic map and applying the interpolation method, the slope of the canyons was determined taking readings every 500 meters along the channel. The arithmetic average was also calculated for the points in each canyon [3] ( Table 5 and Table 6 ).
Results
Geostatistical Analysis Using the Geoeas Program
Through the use of the Geoeas program, which creates weighted normal probability graphics of the forcing variables (gravity and height), the statistical behavior of dispersion was obtained with the linear regression model of the matrix of the analyzed variables, which coefficient for each processed canyon is close to −1 (Figure 4) . Table 5 . Colorada canyon.
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Altitude Distance With an overlay of the surfer model and the statistical representation deployed, the match between the processed and modeled data can be observed. There were also graphics created to show the behavior of each one of the considered variables [4] . Geostatistical analysis of the canyons was carried out, calculating the standard deviation for determining the arithmetic average of fluctuation of data from its mean or center point and the covariance, a joint dispersion measure of two statistics variables for each of the canyons [5] . The previous measures were used to obtain the correlation coefficient, which general result for each canyon is close to −1. For statistics purposes, an analysis is presented in order to determine the covariance and correlation coefficient for each of the channels and to obtain their respective graphics, as shown in Table 7 and Table 8 .
Geostatistical Analysis Using SURFER
The analysis of the statistical variables between height and gravity was obtained by applying the Surfer program [6] . By comparing the results of this analysis with the Geoeas graphics, it may be observed that the gravity process tends to approach the calculated value even as the altitude reduces ( Table 9 and Table 10 ).
Structural Modeling Applying SURFER
The 2D and 3D structural modeling was made using Surfer, which was useful to identify the canyons of study and their vector behavior [7] (Figure 5 and Figure 6) .
The variogram is a tool that allows analysis of the spatial behavior of a variable over a defined area [8] .
In the case of the canyons, the variogram of the height was created against the local calculated gravity (Figure 7) . 
Calculating the Force of Water
The force of water is the amount of thrust that this liquid exerts on the slope direction; the water density is 1 gr/cm 3 or 1000 Kg/m 3 . The calculations done using the mathematical model or Equation (3) showed that the force increases proportionally to the inclination of the slope.
The water channel was subdivided in an equidistance of 500 m [9] ; the calculations are shown in Table 11  and Table 12 .
Calculating the Waste
The waste is the volume of a substance, which passes per unit of time. In this case, the waste of each of the can- yons was obtained by applying the equation of the rational method (4) ( Table 13 and Table 14) . 
Conclusions
First of all, it is worth mentioning that no similar analysis has been found within the literature related with research studies on the Popocatépetl volcano. This paper presents the results obtained through the processing of the cartographic data and by applying the Geoeas and Surfer programs to calculate the relation between the acceleration of local gravity, height, slope, waste and force of a substance that runs over a profile of the Colorada and Quimichule canyons.
Gravity, slope, force and waste are lower in the Colorada canyon, results validating the methods applied. The correlation coefficient between gravity and height shows that there is a perfect negative correlation, i.e. the higher the height, the lower the gravity.
It is given that the absolute value of the flow rate obtained in each canyon is not comparable, since the surface of the Barranca Colorada is only 54.5% of the Barranca Quimichule, and to compare it is necessary to obtain the specific flow of each (dividing its surface, which is usually given in m 3 /s*km 2 or l/s*km 2 Therefore, Quimichule canyon produces per km 2 87.5% of water that runs off the Colorada canyon, the latter being the one that would be able to produce a greater runoff. This result can be compared to the acceleration of local gravity of 9.7760 m/s 2 in Quimichule and 9.7753 m/s 2 in Colorada with the values of force of water of 97.76131777 N in Quimichule and 97.75423653 N in Colorado, with the average values of the slope of −0.166153846 in Quimichule and −0.196923077 in Colorada, revealing that the few differences of local gravity (0.0007% greater in Quimichule) have an equivalent influence over the force of water, which suggests that this is due primarily to differences in altitude that show both canyons.
However, these variables do not intervene in the calculation of the flows (Q) where the difference of the average slope or hydraulic gradient (i) determines the theoretical calculating of the flows. This same difference observed between the values of (i) is present in the values of (Q) (87.5% between Quimichule and Colorada).
The application of geostatistical models highlights the importance of applying mathematics in geomorphological analysis, presenting different graphs and comparative data analysis and structural modeling studies in geomorphological and hydrological processes that are useful to get an idea of the behavior of the water flow, mud or magma, caused by rain or activity of Popocatépetl, which could affect the communities near the canyons.
This study aims to contribute to the existing work, and its results obtained by using technological tools applied in the analysis are considered as a valuable contribution to the natural disaster prevention field. We put special emphasis on the fact that the application of different models would certainly lead to similar results.
